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We discuss lepton number violation in three units. From an effective field theory point of view,
∆L = 3 processes can only arise from dimension 9 or higher operators. These operators also violate
baryon number, hence many of them will induce proton decay. Given the high dimensionality of
these operators, in order to have a proton half-life in the observable range, the new physics associated
to ∆L = 3 processes should be at a scale as low as 1 TeV. This opens up the possibility of searching
for such processes not only in proton decay experiments but also at the LHC. In this work we analyze
the relevant d = 9, 11, 13 operators which violate lepton number in three units. We then construct
one simple concrete model with interesting low- and high-energy phenomenology.
I. INTRODUCTION
The standard model conserves baryon (B) and lepton
(L) number perturbatively. However, this is no longer
true for non-renormalizable operators [1] which might be
generated in ultraviolet completions of the theory. For
example, the only dimension 5 (d = 5) operator, the
famous Weinberg operator associated to Majorana neu-
trino masses, violates lepton number by two units. On
the other hand, at d = 6 there are various 4-fermion
operators which violate baryon and lepton number by
one unit [1–3], inducing proton decay to two-body final
states.
Proton decay searches therefore concentrate on final
states such as p → e+pi0 or p → K+ν¯. The former is
expected to be dominant in ordinary GUTs, while the
latter is expected to dominate in supersymmetric SU(5)
models [4]. However, all such searches have so far only
provided lower limits on the proton half-life [4, 5].
At the same time, searches for neutrinoless double beta
decay have been negative so far (see for example [6, 7] for
a review of this topic). Neither do we have any other clear
experimental signal of lepton number violation. Thus, we
do not know whether neutrinos are Dirac or Majorana
particles.
Given the absence of any experimental signal, it is
therefore possible that some unknown symmetry exists
forbidding altogether such non-renormalizable operators,
or perhaps just the lowest order ones. Such a symmetry
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could be related to some particular combinations of lep-
ton/quark flavours, as argued for example in [8], or to
total lepton and baryon numbers. The possibility we dis-
cuss in this paper is that lepton number might actually
be violated only in units of three: ∆L = 3.
This implies that neutrinos must be Dirac particles, as
Majorana mass terms would require violation of lepton
number in two units. Another immediate consequence of
this hypothesis is that proton decay final states must be
at least three-body, while an unambiguous experimental
signal establishing ∆L = 3 requires three charged lep-
tons: p → pi−pi−e+e+e+, i.e. a 5-body decay. It is not
hard to see that ∆L = 3 operators must involve at least
3 lepton and 3 quark fields, which means that they are
suppressed by several powers of the new physics scale.
For such high-dimensional operators, an observable rate
of proton decay is achieved for a new physics scale in
the (1–100) TeV range, depending on the dimension of
the operator under consideration. This also opens up the
possibility to actually observe violation of lepton number
in three units at the LHC. In section (III) we will discuss
a concrete model realizing this idea.
It is worth mentioning that proton decay limits into
4- and 5-body final states rely on rather old bounds for
inclusive decays. Hence, they would benefit substan-
tially from an up-to-date dedicated search. In particular
there is a lower limit of 0.6(12) × 1030 years on the nu-
cleon lifetime associated with p/n → e+(µ+)+anything
[5, 9] which relies on experiments [10, 11] done in the
70’s and early 80’s with exposures three to four orders
of magnitude lower than the one achieved in Super-
Kamiokande. Super-K has recently published some lim-
its on 3-body decays [12]: τ (p→ e+νν) > 1.7 × 1032
and τ (p→ µ+νν) > 2.2 × 1032 at 90% confidence level,
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2but gives no limits on 4-body and 5-body decays. As
neutrinos are missing energy, they may as well be anti-
neutrinos, hence the quoted values apply both to ∆L = 1
(p→ `+νν) and ∆L = 3 (p→ `+νν) decay modes. Nev-
ertheless, we mention that in models with lepton number
violation in three units, the decay channels with more
particles in the final state (4 or more) might be the dom-
inant ones, as we will discuss latter. In this case one
has to rely on the rather weak inclusive limits mentioned
above.
We would like to mention that we are not the first to
discuss ∆L = 3 processes and proton decay into multi-
particle final states (although the literature on this sub-
ject seems to be quite scarce). In [13] an operator analysis
of ∆ (B,L) = (1,±3) was carried out, while the authors
of [14] considered ∆L = 3 LHC processes involving all
generations. Three lepton proton decay modes resulting
from d = 9, 10 operators have been discussed recently
in [8]. However, all final states considered in this paper
are ∆B = ∆L = ±1. In [15] 4-body and 5-body pro-
ton decays (all with ∆L = ±1) have been discussed in
the context of leptoquark (LQ) models. The only other
paper, that we are aware of, that mentions a ∆L = 3
proton decay is [16]. This paper discusses a d = 17 op-
erator that appears in an extra-dimensional model with
six spacetime dimensions. Finally, we note that one can
also consider the reverse situation where baryon number
is violated in three units, while lepton number is changed
by one unit only [17].
The rest of this paper is organized as follows. In section
(II) we discuss ∆L = 3 operators. After that, in section
(III), we provide one example of a concrete model which
generates ∆L = 3 processes observable not only in proton
decay experiments, but possibly also at the LHC. In sec-
tion (IV) we analyze the possible connection of ∆L = 3
processes with Majorana/Dirac neutrinos. We then close
with a short summary.
II. ∆L = 3 OPERATORS
We start with a discussion on the effective operators
which lead to lepton number violation in three units.
It is well known that (a) baryon number B and lepton
number L breaking has to occur in integer units and (b)
(∆B,∆L) = (odd, odd) or (even, even). The reason why
∆B must be an integer is simply due to the fact that
in order for an operator to be colorless, the number of
quarks (triplets of SU(3)C) minus the number of anti-
quarks (anti-triplets) must be a multiple of 3. On the
other hand, if the ∆B associated to a given operator is
even (odd), then the number of quarks plus anti-quarks
is also even (odd), in which case Lorentz invariance re-
quires the presence of an even (odd) number of leptons
plus anti-leptons, hence ∆L will also be even (odd). Thus
we have:
∆B + ∆L = 0,±2,±4, · · · (1)
As a consequence, lepton number violation in three units
is only possible if baryon number is violated as well. The
simplest solution to consider is ∆B = ±1; ∆B = ±3
and more complicated possibilities involve at least 12
fermions (this is the case for some non-perturbative ef-
fects [18, 19]). Furthermore, having ∆L and ∆B with
the same sign leads to lower-dimensional operators, so in
this sense, beyond the normal ∆ (B,L) = (1,±1) proton
decay operators, the ∆ (B,L) = (1, 3) operators are the
next simplest ones.
In the absence of a symmetry, one usually expects that
normal proton decay operators dominate over the higher-
dimensional ones with ∆ (B,L) = (1,±3). Perhaps the
simplest way to explain the non-observation of simpler
decay final states is to invoke the presence of a Z3(L)
symmetry. However, note that one could as easily elim-
inate the |∆L| = 1 operators and keep the ∆L = ±3
ones with other discrete Zn symmetries involving baryon
number as well. In fact, continues symmetry groups
U(1)3B∓L will work equally well.
Let us consider from now on the sign of ∆B to be pos-
itive. A ∆L = ±3 operator necessarily involves at least
6 standard model fields — 3 quarks and 3 (anti)leptons
— thus the lowest order operator must be 9-dimensional
[13]. While there are dozens of d = 9 operators, only two
of them violate L by three units (∆L = +3). These are:
O19 = ucucucecLL, (2)
O29 = ucucQLLL. (3)
However, neither leads to proton decay, since both of
these operators have the uc’s contracted in an anti-
symmetric fashion, hence two up-type quarks of different
generations are necessary.1
At d = 10 one finds for the first time a single ∆L = −3
operator [13] that can induce proton (and neutron) decay,
O10 = dcdcdcLLLH∗ (4)
1 On the other hand, accelerator experiments such as the LHC
could probe these operators. Note also that the operator in equa-
tion (2) requires two different L generations.
3which is non-zero only for two or more generations of
either dc or L. From electric charge conservation, one
can infer that it will induce processes with two neutrinos,
such as n→ e−ννpi+ and p→ e−ννpi+pi+.2
At d = 11, including derivatives, there are already
14 ∆L = 3 operators.3 All of them contain either two
derivatives, two Higgs fields, or one derivative and one
Higgs. For example:
O111 = ∂∂ucucQLLL, (5)
O211 = ∂QucucLLecH. (6)
O111 induces both proton and neutron decay of the type
p → e+νν, p → pi−e+e+ν and n → pi−pi−e+e+ν. From
the Super-Kamiokande limit on p → `+νν [12] we esti-
mate very roughly a lower limit on the scale of O111 of
order (7–13) TeV for couplings of order O(1).4 We defer
the discussion of O211 to section (III).
There are more ∆L = −3 operators at dimension
d = 12 which we will not discuss in detail. Importantly,
all of the operators discussed so far, with d ≤ 12, involve
neutrinos, making it impossible to tag lepton number ex-
perimentally. In other words, it is not possible to be cer-
tain that lepton number is violated in three units unless
all the leptons are charged. One can easily see from elec-
tric charge conservation alone that 8 fermions are needed
to form such an operator:
eeeuuuud (H or ∂) . (7)
The need for a derivative or a Higgs boson is seen once
the full standard model group is taken into consideration.
There are many operators at d = 13 of this type; we show
here only two examples:
O113 = ∂ucucucucdcececec, (8)
O213 = ∂ucucdcQQecLL . (9)
Note that O113 requires two lepton generations, leading
to decays of the form p → e+e+µ+pi−pi−. The oper-
ator O213, on the other hand, can yield decays involv-
ing just one generation of quarks and fermions: p →
2 Final states with muons instead of electrons, and/or kaons in-
stead of pions, are allowed in all cases we discuss in this paper.
3 The counting we present here refers to the number of gauge and
Lorentz invariant field combinations; it does not take into ac-
count different contractions of the same fields nor different ap-
plications of the derivative operator.
4 Any realistic ultra-violet completion of this operator will, how-
ever, have to obey also low-energy bounds on the couplings,
which might lead to quite stringent limits on some couplings,
and correspondingly weaker limits on the scale of the operator,
depending on the model. For a discussion in one concrete model
see the next section.
e+e+e+pi−pi−, p → e+e+νpi−, p → e+ννpi0, and also
n → e+e+e+pi−pi−pi−, n → e+e+νpi−pi−, n → e+ννpi−.
From simple phase space arguments one expects the 4-
body decay modes to dominate over the other ones. How-
ever, at least in principle, the final state with three
positrons can have a half-life short enough to be observed
in (future) proton decay searches. We will discuss this
in the context of one concrete ultra-violet completion for
operator O213 in the next section.
III. A SIMPLE MODEL FOR ∆L = 3 WITH
CHARGED LEPTONS
Many ultra violet complete models generating ∆L = 3,
d = 13 operators can be constructed. Here, for illustra-
tion and to facilitate definite quantitative discussions, we
will discuss one simple example. In our model, proton de-
cay is induced by a d = 13 operator which is generated
at tree-level, but the model also provides a d = 11 1-loop
contribution to this process. The d = 11 loop contribu-
tion, as we will discuss shortly, is suppressed compared to
the d = 13 tree level contribution which is the dominant
contribution to proton decay. This illustrative model is
also chosen for its minimality of particle content while
still being able to potentially provide a clear ∆L = 3
signal both in proton decay and at the LHC.
In our construction, we make a simple extension of
the Standard Model by adding left-handed fermions
N,N c ≡ F1,1,0 and two types of scalars Su ≡ S3¯,1,−2/3
and Sd ≡ S3¯,1,1/3. For reasons discussed below, we will
need two copies of this last field, Sd and S
′
d, three gen-
erations of N , and six of N c.5 Here, S and F stand for
scalars and (left-handed) Weyl fermions, and the sub-
scripts indicate the transformation properties/charges of
the fields under the Standard Model gauge group, follow-
ing the order SU(3)C × SU(2)L × U(1)Y .
The Lagrangian contains the following pieces:
L = LSM + YνLN cH + Y1ucN cSu + Y2N cdcS∗d
+ Y3ecucS
′
d + Y4QLSd + µSuSdS
′
d +mNNN
c
+ · · · , (10)
where the dots stand for additional terms which are ir-
relevant to the following discussion. We do not con-
5 A truly minimal setup would postulate only three copies of Nc
and one of N . In this case, two of the Nc then pair off with the
active neutrino of the SM, to generate the two mass splittings
observed in oscillation experiments, while the third Nc forms a
vector-like pair with N .
4sider terms such as NN , N cN c, LNH, ucNSu, Nd
cS∗d ,
dcdcSu, u
cdcSd, QQS
∗
d and similar terms with Sd → S′d,
as they are forbidden by Z3(L) symmetry under which
each field has a charge ωL, ω being the cubic root of 1,
and L the field’s lepton number. It is straightforward
to check that L (Sd) = L (S
′
d) = L (Su) = L (N
c) =
−L (N) = −1.
The term proportional to µ couples three coloured
triplets, thus two copies of Sd are needed. In the limit of
µ→ 0 the model conserves both B and L and the proton
is completely stable, hence µ can be seen as the source of
lepton and baryon number violation. Note that the mass
term for the N , N c fermions is of the Dirac-type, hence
it does not violate L.
At this point, it is necessary to briefly discuss the need
for the additional Z3(L) symmetry. As mentioned earlier,
the gauge quantum numbers of the scalar Sd allow a term
Y5QQS
∗
d . This coupling, however, together with eq. (10),
induces proton decay via a tree-level d = 6 operator with
∆(B+L) = 2,∆(B−L) = 0 at an unacceptable rate. It
follows that the product of Y5 with other couplings must
be very small; indeed, we estimate that6
Y4Y5 <∼ 10−24
( mSd
1 TeV
)2
, (11)
and similarly for the product Y3Y5. This motivates
strongly the introduction of a symmetry under which L
and Sd/S
′
d are odd while Q is even, to forbid the un-
wanted term. There are different ways to do this and a
simple Z3(L) or Z4(B + L) is sufficient (in our model,
both cases lead to an accidental U(1)3B−L).
A similar, but quantitatively much less important con-
cern is that Sd/S
′
d can have simultaneous coupling to e
cuc
and QL, since these scalars transform in the same way
under all symmetries. Constraints from meson decays
limit the product of these couplings roughly to [20, 21]
Y3Y4 <∼ 2 · 10−5
( mSd
1 TeV
)2
. (12)
Constraints on Y3 and Y4 individually are much weaker.
From the constraints discussed in [20, 21], we estimate:
Y3 <∼ 0.26
( mSd
1 TeV
)
, (13)
Y4 <∼ 0.27
( mSd
1 TeV
)
.
Thus, in order to maximize the proton decay rate it is
preferable that each scalar couples to either ecuc or QL,
6 We assume all couplings to be real without loss of generality.
but not both. This can be achieved by introducing an-
other discrete symmetry which would eliminate the un-
wanted couplings, as we will explain in the next section.
Also for simplicity we assume that all of the lepto-quarks,
namely Su, Sd and S
′
d, couple preferentially to first gener-
ation quarks and leptons only. However, this requirement
is not essential and can be relaxed.
Additionally, there are constraints from direct searches
at the LHC. For both Sd and S
′
d, standard lepto-quark
searches apply. Limits on these states depend on the lep-
ton and quark generations they couple to. We are mostly
interested in first generation lepto-quarks, and for this
case, searches from CMS [22] and ATLAS [23] establish
a lower limit of roughly mSd ∼ mS′d ∼ 1 TeV. For Su,
as discussed below, in order to have a clear signature of
∆L = 3 process at LHC, final states should always be
4-body, hence constraints are slightly less stringent, but
in any case we expect them not to be significantly below
1 TeV.
Figure 1: Proton decay p → pi−pi−e+e+e+ induced by a
d = 13 operator in our model. Diagrams permuting the 4
external up-quarks are equally allowed. Note the presence of
the trilinear coupling µSuSdS
′
d in the diagram.
Fig. (1) shows the tree-level Feynman diagram for pro-
ton decay in our model. The parton level amplitude is
given approximately by the expression
A ∼ Y1Y2Y3Y
2
4 µ 〈p〉
m2Nm
2
Su
m4Sdm
2
S′d
, (14)
where 〈p〉 is the mean parton momentum involved in the
process. Very roughly 〈p〉 ∼ O(mp).
A simple estimate of the mean proton lifetime associ-
ated to this decay mode is given by
τ−1
(
p→ 3e+2pi−) ∼ J0
f (5)
A2m
15
p W
2
f2pi
, (15)
where f (n) ≡ 4 (4pi)2n−3 (n− 1)! (n− 2)! takes care of
the phase space volume available to the decay prod-
5ucts,7 fpi = 0.13 GeV is the pion decay constant, W =
〈pi−|O|p〉 ∼ 0.2 GeV2 [24] is the QCD form factor in-
volved in single pion decay, and J0 ≈ 0.1 is a numerical
factor [25]. Without taking into account form factors,
one would replace J0W
2/f2pi by m
2
p in eq. (15).
These two estimates for the lifetime associated to p→
e+e+µ+pi−pi− are shown in fig. (3) as two lines which
form the upper and lower limits of the blue band. Note
that due to LHC constraints, none of the scalars can be
light. However, there are practically no constraints on
the mass of N c, hence we show the estimated lifetime as
a function of the mass of this field.
By switching the SU(2)L components of the Q and L
fields, it is possible to use the operator shown in fig. (1) to
induce the 4-body decays p→ pi−e+e+ν and p→ pi0e+νν
— see fig. (2). The associated lifetimes are given by the
expression in eq. (15) but without a factor J0m
2
p/f
2
pi
and with the larger phase-space factor 1/f(4) replacing
1/f(5), implying that the 4-body decay is roughly a fac-
tor of 103 faster than the 5-body one. This is shown in
fig. (3) as the upper limit of the orange band, while the
lower limit corresponds to a naive power counting esti-
mate of the the lifetime, obtained by substituting W 2 by
m4p. The difference between the proton lifetime in decay
modes p → pi−e+e+ν and p → pi0e+νν is negligible and
so only the latter mode is shown in fig. (3).
Figure 2: Proton decay into four bodies, p→ pi−e+e+ν and
p → pi0e+νν, induced by the same d = 13 operator as in fig.
(1).
As mentioned earlier, there are currently no limits on
4- and 5-body decays from Super-Kamiokande, hence the
current bounds on the processes p → pi−pi−e+e+e+ and
p → pi0e+νν are rather weak (∼ 1030 − 1031 years).
Hyper-Kamiokande [26] is expected to be able to probe
2-body proton decay modes up to 1035 years. Thus, one
7 For n = 2, 3, 4, 5, this factor is close to 5× 101, 2× 104, 2× 107
and 3× 1010.
should not exclude the possibility of a five orders of mag-
nitude improvement in the experimental reach on ∆L = 3
decay modes. In this context we mention also the DUNE
experiment [27], although its mass is smaller than the
one of Hyper-Kamiokande. Note however that neither of
these experiments has charge discrimination, hence they
will not be able to unambiguously check that lepton num-
ber is being violated in 3 units.
In our model, the decays involving neutrinos dominate,
hence they should probably be seen first in events with 3
Cherenkov rings (with at least two being of shower-type)
associated to an invariant mass below mp. However, it is
conceivable that Hyper-Kamiokande or DUNE can also
observe the rarer mode with three charged leptons in the
final state, given that this mode involves a clean signal
with 3 shower- plus 2 non-shower-type Cherenkov rings,
and a reconstructed mass equal to mp.
Figure 3: Proton decay lifetime as function of mN , for µ = 10
TeV, mSu = mSd = mS′d = 1 TeV, Y1 = Y2 = 1, Y3 = 0.26
and Y4 = 0.27. The figure also shows existing constraints
from proton decay searches, for the chosen benchmark point.
Inclusive searches exclude mN smaller than ∼ 150 GeV. Also,
for reference, are shown the current Super-Kamiokande limits
on three body decay mode p → e+νν, which is currently
the most stringent limit for a three body decay mode. Note,
however, that this limit does not apply to our case. We have
also shown the expected reach of the Hyper-Kamiokande and
DUNE experiments for two body decay modes.
We now turn to a brief discussion of ∆L = 3 phe-
nomenology at the LHC. The new scalars of our model
can be produced either in pairs (through gluon-gluon fu-
sion), in association with N c, or in association with a
Standard Model lepton (in the case of S
(′)
d ). Production
6cross sections for these lepto-quark states at LHC have
been calculated several times in the literature, most re-
cently at next-to-leading order in [28], for example. If
the lepto-quark masses are around 1 TeV one expects
that the current run of the LHC will find at least some
hints. However, even for a lepto-quark with 2 TeV of
mass, one expects roughly a pair production cross sec-
tion of 10−2 fb, or 30 events in 3000 fb−1 before cuts.
Thus, LHC signatures for ∆L = 3 processes are possible.
Associated production cross sections are larger for small
N c masses and large couplings, given current constraints
up to (1−2) fb for the fields Su and Sd, S′d, assuming cou-
plings equal to 1. However, associated production cross
sections scale like Y 2i and thus could conceivably be much
smaller.
Most interesting for us is Su production, as it can be
used to experimentally probe ∆L = 3 violation at the
LHC. The scalar Su, once produced, has two decay modes
which are shown in fig. (4). Given that we know neither
the masses nor the couplings involved, we can not predict
which of these two decays will be dominant. However,
in order to observe violation of lepton number in three
units, both channels should have similar branching ratios
for the following reason. Gluon-gluon fusion actually pro-
duces a pair of scalars Su and S
∗
u. Thus, if one of the two
channels in fig. (4) dominates, one either has the final
state 2e+2e− plus jets (through Sd) or e+e− plus jets
(through the diagram with N c). If, on the other hand,
one of the two scalars decays through a diagram involv-
ing Sd’s while the other decays through the diagram with
N c, the final state can be 3e+ plus jets (or 3e− plus jets).
One can easily convince oneself that this gives a sizable
event number only if Br(Su → (S∗d)?+(S′∗d )? → 2e−+2j)
' Br(Su → (N c)? + uc → e+ + 3j). Here, the stars ‘?’
indicate that the intermediate state might be off-shell.
Given the lower limits on the mass of Sd, S
′
d, this most
likely requires that N c to be heavy too: mNc >∼ mSu . If
this is not the case, the 2-body decay Br(Su → N c + uc)
will dominate over the channel with Sd. However, in
this region of parameter space where N c is rather heavy,
we expect that the proton decay lifetime into 3e+2pi−
is rather long — see fig. (3). Thus, the LHC and pro-
ton decay experiments test complementary parts of the
parameter space of the model (heavy versus light N c).
The operator discussed so far is 13-dimensional:
∂QQucucdcLLec. As mentioned in the introduction,
there are lower dimensional operators which also break
lepton number in three units. Hence, they are allowed
by all symmetries of our model. Indeed in our model one
Figure 4: Feynman diagrams for Su decay at the LHC.
can generate both dimension 9 and 11 operators with
∆L = 3; we provide one example in fig. (5). How-
ever, these are suppressed by the smallness of neutrino
masses, the smallness of first/second generation Yukawa
couplings,8 and/or loop factors. Hence, they are not as
important as the d = 13 operator in figs. (1) and (2).
Figure 5: Loop generation of the dimension 11 operator
∂QucucLLecH in our model. This leads to p → e+νν, for
example.
With small changes to the model we have presented, it
is also possible to build the operator in eq. (8) involving
only right-handed fermions, instead of operator (9). This
simply requires that Sd and S
′
d both have a coupling only
to ecuc (and not QL). The practical effect of this change
is that the proton decay mode into three charged leptons
would become the dominant mode.
8 Proton decay only involves first generation up quarks and first or
second generation down quarks and leptons. Note also that the
only two d = 9 operators — see eqs. (2) and (3) — necessarily
require two up-quark generations.
7IV. COMMENT ON ∆L = 3, DISCRETE
SYMMETRIES, AND DIRAC NEUTRINOS
As we stated before, from simple dimensionality ar-
guments, one expects that, if allowed by symmetries,
(∆B,∆L) = (1,±1) processes will completely dominate
over the higher dimensional (∆B,∆L) = (1,±3) pro-
cesses. Thus, proton decay in ∆L = 3 modes will be
dominant only if the ∆L = 1 mode is forbidden by some
symmetry. As stated before, such a scenario can arise
if the accidental U(1)L (or U(1)B+L) symmetry of Stan-
dard Model is broken to a residual Z3 (or Z4) subgroup
by the new physics involved in the process.
These symmetries force neutrinos to be Dirac particles,
as Majorana mass terms with (∆B,∆L) = (0, 2) are for-
bidden. After electroweak symmetry breaking, the rele-
vant mass terms are (Yν)ik 〈H〉 νiN ck + (mN )jkNjN ck +
h.c., where i, j = 1, 2, 3 and k = 1, · · · , 6. For Yνm†N ≈ 0,
the 3 left-handed ν states will not mix significantly with
N c, and the light neutrino masses and mixing angles will
depend only on the matrix YνY
†
ν 〈H〉2. It is then possi-
ble to reproduce oscillation data with small Yν couplings.
More elegant alternatives to this simple construction re-
quire additional fields, which can be used to explain
the smallness of the observed neutrino masses through
a Dirac seesaw mechanism [29, 30].
Note that, in the absence of a Z3(L) symmetry (or an
equivalent one), it will be possible to use the Majorana
neutrino mass operator to convert (∆B,∆L) = (1,±3)
operators into the (∆B,∆L) = (1,±1) standard proton
decay. However, due to the smallness of neutrino masses,
this does not imply that the 2-body decay rate of the
proton will necessarily be large.
Finally, we would like to mention that the Z3(L) is in-
sufficient to explain the absence of some couplings in our
model. In particular, in order to avoid meson decay con-
straints and still maintain a sizable proton-decay rate,
the two scalar Sd and S
′
d which share the same quantum
numbers must couple differently to QL and ecuc. We
assumed that Sd couples mostly to the former fermions
only, and S′d to the latter. This arrangement can be
achieved with the introduction of a second Higgs dou-
blet field H ′ and an extra Z2 symmetry such that the
charge of ec, S′d and all SU(2)L doublets in the model is
−1. In this way, the terms S′dQL and Sdecuc are forbid-
den. Furthermore, quarks and leptons will couple to H
and H ′, respectively, hence both Higgs doublets need to
acquire a non-zero vacuum expectation value. This will
spontaneous break the Z2 symmetry, generating S
′
dQL
and Sdecuc couplings at loop level, which are not prob-
lematic phenomenologically.
V. CONCLUSIONS
Even if lepton number L is not a conserved quantity,
it is still possible that all processes which violate it do
so in multiples of some number n. In this work we con-
sidered the possibility that leptons can only be created
or destroyed in units of n = 3. This implies that there
is a remnant Z3(L) symmetry and hence neutrinos are
Dirac particles. The processes associated to this type of
lepton number violation do not conserve baryon number
B either. The case ∆ (B,L) = (1, 3) which we consid-
ered is not only the simplest one, but it also leads to
nucleon decay into three leptons. Given the high dimen-
sionality of the relevant operators, proton and neutron
decay life-time bounds are satisfied even for TeV me-
diator masses. There is the interesting possibility that
both Hyper-Kamiokande and the LHC will be able to
probe these scenarios. We have suggested a particular
model implementing these ideas, where singlet fermions
and three new scalar lepto-quarks are added to the Stan-
dard Model. We showed by choosing a benchmark sce-
nario with 1 TeV scalar masses and benchmark values of
the couplings that such a scenario is feasible. In this case
the nucleon decay modes visible at Hyper-Kamiokande,
and the LHC signatures will depend on the mass of the
singlet fermions. For a TeV scale mass, it should be pos-
sible to observe events with 3 same sign leptons plus jets
and no missing energy at LHC. For lower masses, proton
decay into 4- and 5-body final state might be observable
at DUNE or Hyper-Kamiokande.
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